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UMCIASSMID ■ 

THE USE OF HADIOACTIVS ISOTOPES AMD NUCLEAR RADIATION 
IN THE SOLUTION OF SOME PROBLEMS OF BLAST-FUMACE AMD 

STESL-MAKISG PRODUCTION 

bj Afaitta8j®T FeN Bgljaev U.F«, Bogdanora MoGep 
Bulsky MoT,, Grusla P»L.> Nikullasky loDo, Off©ng®n° 
d®a A.Moj PolOTohenko laG.p Pugaeiiev AoVo pSkr^btsov AoM»s 
TslesoT S.Ae, Shvartarasaa LoA» 

Til® ©K'tsiislvQ osganisatioii of work In usataHurgy p In 
whioli tk® attaimiants of nuolsar phjsios feaT© b©©n utilised p 
ia th® USSR dates back to th® jear® i 948-1 949« 


hav© a mstwork of radiometric laboratories for the inspootio© 
and devalopsuent of technological processes. 

Separate questions connected with th® utilisation of 
radioactive isotopes end nuclear radiation in the metallurgical 
industry of th® Soviet Union have been described in th© 
literature i® detail. Some results have already been reported 
at international conferences » The present report deals only 
with individual eicamples of the utilisation of radioactive 
isotope® and nuclear radiation in th© ferrous metal Industry. 
Chief attention is paid to th© results of work now in progress 
at th© lusaetsk Iron and Steel VJorks, and the "Asovstal”’, 
th® Dsershinsk, the Ilioh and the Stallnsk Iron and Steel 
EnillSp with the collaboration of the Central Scientific Rjse- 
areh Institute of the Ferrous Metal Industry. 

lo BLAST-FURMACE PRODUCTION 



la th® field of cast iron imanufacture the automation 


©f th® control of the operation of the blaat-furnaoe process 
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is an Important problem. In this connection there arises the 
need to provide contactless, continuous-acting low-inertia 
data units, which afford data on the run of processes, ‘as 
well as its transmission into the computer. In the 

solution of this problem in the Soviet Union great attention 
is paid to the utilization of radioactive isotopes. To that 
end there has been developed a radiometric installation de- 
signed for the regulation of blast-furnace incoming charge. 

At the present time the blast-furnace Incoming charge is 
regulated on the basis of indications of mechanical soundings, 
which give satisfactory results only when the blast-furnace 
runs smoothly. Sounding diagrams often do not characterize 
the position of the surface of the charge and do not permit to 
regulate the level of filling. Great difficulties are experi- 
enced when mechanical soundings are utilized in the operat- 
ion of large volume blast-furnaces, when the pressure under 
the furnace top is raised. 

The radioactive method regulating the level of filling 
of the blast-furnace with charge materials is based on the ab- 
sorption of gamma-rays from radioactive sources. In the given 
case one may utilize radioactive isotopes of cobalt and other 
elements with a hard gamma-radiation (with energies of 1 MeV 
or more) and with a sufficiently large half-lif® (one year and 
more). Closed sources of radiation with activities of ©bout 
200 mcuries (depending upon ray hardness and furnace dimen- 
sions) are set up in the furnace refractory masonry at a 
definite level of jQ.ll of charge materials, or under the bell 
(Fig. 1). At various points along the furnace periphery in the 
refr Approved For Release 2009/04/29 : CIA-RDP80T00246A007900090002-4 ) are 
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Installed, whose cables are connected to the recorder with a 
light panel. Detectors are set up on a number of horizons, 
four on each horizon. When the charge material level of fill 
is lower that the location of any one of the detectors, the 
irradiation intensity of the detector increases abruptly, and 
the respective signal lamp on the control board ignites. 

The radiometrio method of regulation of the level of 
filling is being used on one of the blast-furnaces of the 
Dzerzhinsk plant. The diagram of the radiometric regulator of 
the level of filling, developed by personnel of the plant, 
of CSRIPMI and of the Ukrainian Institute of Metals, is 
shown on Figures 1 and 2. In this case two sources of radio- 
active cobalt, 500 mcurles each, were placed on the blast- 
furnace, under the level of the material, along the furnace 
top clrouffiference, between the vertical rows of counters 
(Se© Fig. 2). Sources and counters have been arranged in 
such a manner that the radiation of each source acts only 
upon the two vertical rows of counters, which are opposite to 
it. The possibility of shifting the sources in pipes permits 
to carry it out with fascility. 

A comparison of the readings of the radiometric instal- 
lation and of the mechanical soundings leads to the following 
conclusions: 

a. The readings of the installation from the side of the 
cast iron tap and air heaters rarely coincide with sounding 
data whan the furnace runs very smoothly; as a rule, the read- 
ings of mechanical soundings are considerably lower than the 
surface of the fill, as revealed by radiometric control; 

bo Due to the fact that the soundings are drawn in by the 

charge, the actual level of materials is in many cases higher 
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that tha bottom position of the edge of the large bell; as a 
result, the orientation by mechanical sounding readings often 

leads to the overloading of furnaces. The passage to the con- 
trol of the loading of furnaces by radiometric control data 
evens out th® running of furnaces* 

The new regulator of filling clearly manifests a nonunl- 
fona speed of Incoming materials along the circumference o 

The Dzerahinek Plant, CSRIFMI the Ukrainian Institute 
of Metals and the Tallin leeasuring Instruments plant 

have worked out an Industrial standard for the radiometric 
fill regulator. During the jears 1959 and 1950 regulators will 
be Installed on blast-fumaoes at a number of plants. 

2» Control of the Quality of the Charge and Ore 

In order to control the blast duty a reliable and quick 
determination of the granulometric composition of the charge 
is needed. At some plants the screen composition of charge 
materials is determined by the screen sizing of samples 
weighing about one ton, selected in 24 hours® This Tory labo- 
rious method doe® not offer any possibility to obtain in the 
time alloted to it the necessary true results, which conside- 
rably lowers its validity. 

The study of the absorption of gamma-radiation by the 
blast-furnace charge components carried out on the Dzerzhinsk 
and Novo-Tulsk Steel Plants revealed the possibility of con- 
trolling the gas-permeability of charge materials by the ra- 
diometric method o It has been found that the absorption of 
gamma— rays in that case depends upon the density , the bulk 
weight of the material connected with the screen composition. 
Pfirsonnel of th© CSRIFMI and of the Dzerzhinsk Plant develo- 

n • -- - A m ^ 0i ^ A if ^ s 1^0 r t hs 
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diipssds the general gafi~p®rai®ablllty of th® oliarg© ©oliaim 
(ook® oeouploe about 60$ of obargo volusaa)* 

Tho derlo® has boos ln@tall®d at on® of th® 
oos of tbe OaoraMnsk Plant, at tb@ l@ft~Mnd w®ight fiansj®! 
of tho lift of tbo blaat-^fumao®* woigbt fuianol a (Fige3) 
Is traasluood bj a radioaotiiro isotope of oobolt with 

a 300 siourie aotivitj, situated in a proteotive Golllooator b, 
wMob ma^ be displaoed hj guides, either bringing it oloser 
to the funnel, or resaoviag it froea the funnel* The data unit 
d, located on the opposite side, from centres at the point 
e consists of eight CTC«=6 counters® It measures the intensity 
of the beau of rays, which passes through the coke, which 
is reooreded by a specially constructed recorder* 

Coke lumping is recorded separately for each skip by its 
filling tho weight funnel, siEultaneously with the stoppage 
of the digk sieve, which delivers ooke from the hopper into 
th® funnel* la making records ©n the band appear ’’’peaks'* of 
th® radiation intensity (Fig* 4) varying in sine, depending 
upon the density of the inaterlale 


A cosiparlson of records of the devl®®, obtained at the 

Dsershinsk Plant, with readings of furnace operation phas re=> 

v©aled that th© absorption of ganma-^rays by coke varied frosi 

3o0 to ‘92*7$ of th® mean value, at a minima absorption the 

coke or® load reached 2340 k^t and at a Eia^faujsa it was lo°> 

wered t® 2210 kg/t#, that is, it was lowered 13$» That does 

not agr®e with th® existing ideas on th® possible effect of 

ook© luaplng upon th® then®^ condition of th® fumac® and 

of ©ok® consumption (th® ainount of carbon in the charg® 

hardly changes thereby)© Fuma®© operation obaervatlca© r®v®- 
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al®d that at poifiod© &£ BsaslEiMo ah©®3£’pti.®a g®C22£i‘=S’£iyQ ^5^ 

cok© th® extraction ©f ©ok® fmraa®Q with ©lag 

iaoreasas (not only with th© lewsr^ hut gas® with th® upp©2> 




of ®r@ sintQriM ©bteiniag th© @^gl@®or©t©. 




fio’^elonmaat ®f 


^ t® o„tala data to 

^8lstlon to tk® ooroajaesEl® resistaa®® oharsoo Ei® ooo 

of rodlouotrlo iBOtallatloas fas ooBtrolllaa 
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30 ke 8 or® and agijloaerat® permits t© Inoreas® blast-furnac® 
output, and also creates new prerequisites for the automation 
of laborious processes and for the sanitation of the condition 
of labour* 


Determination of the Speed 


Motion and of th® 


For a number of years on several plants in the Soviet 
i is the motion of charge materials in blast<»fumao®s 


©ontrolled. This work is of great practical value for the 
control of the blast-furnace process and for the deterElnatlon 


of optimal duties of fumaoe operation and of a rational shaft 


radioactive isotopes two particular methods are used. The 
first method (the method of measuring the radioactivity of 
tests of melt products) determines the total time during which 
the materials are in the furnace - from the instant of loading 
to thoir getting into the hearth and their dissolution in 
oast iron* In this oas® materials are carried into the furnace 
in the son® of the top at a definite time prior to the output 
of oast iron. $h© time of their getting into the hearth is 
established by the appearance of radioactivity in the cast 
iron. This method requires no special equipment, but it offers 
no possibility for the determination of the speed of the 
iaooiaing charge on separate sections of the furnace shaft. 

Th© time during which various charge materials stay at 
a desired point In the furnace was determined on furnaces of 
& variety of volumes and designs. Tests at the Movo-Tulsk 
Plant have shown that In the zone of the body and in the 

^ 4t - u— ^ Ti jt __ - 
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rials ..hioli th. actual uorklus roluac of th. 

furnace by 10-15®. *“■» Inforoatlon la partially oorrcboratcd 
by llae.tcn. testa at tb. -Aacrstal. Plant, fbs aean speed 

matariola in a number ol oases » greater in 
of lowering materials, in periphery - dlreotly 

in the centre of the furnace than at the perxpn y 

at Shaft walls, which depends both upon the system of loading 
and upon the physical properties of charge materials. The 
relative alteration of the mean speed along radii of two fur- 
naces of the -Asovstal* Plant Is shown on Pig. 5. On the blast- 
turnaoe A the speed Increases continuously from the periphery 
to the centre, while on the blast-furnace B It reaches a ma- 
ximum at a distance about 0.46 m from the shaft wall, and 
becomes less and less thereon. In both cases the speed Is 

higher in the centre than at the periphery. , 

Tb. second method - of radiometric scndage (developed by 

pellows Of NTMP , the Bserahlnsh Plant and CSRIP«I ) - permits 
to determine the speed of Individual components of the charge 
au any section cf the shaft. The diagram of the test In the 

stud, of the speed cf motion of the charge with eight pcln 

a U wmn ftTi Flffo 6. RadioaotiT® granules or 
of inrestigation is shown on Fige «>• 

w- +0 the level of filling > at a 

the charge were brought in 

gealred distance from the centre cf the furnace, while at ho 
neons I - PI were Introduced radiometric soundings consisting 
of a system of three coaxial pipes, between which there Is 
provided the circulation of water, which maintains In the In- 
tenor pipe a temperature not more than 40 . 
pipe, which is sealed hermetically against the seepag 

SL Tadlation deteotor (a self~inen- 
moisture, there le arranged a radiation ue 

ohed counter)* 

«ben traced charge granulee are Icwered from the 


W*a'®** — 

horlson, the radioactivity Is recorded In succ.sslcn 
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lower horlBons* The speed with which the charge is moving on 
separate sections of the furnace is determined by the time 
Intervals between maximum intensity of radiation, which cor- 
respond to the passage of a granule through two adjacent 
horizons, or by the speed of the growth of intenslvlty at 
each horison. For the location of the detector three variants 
are used: a. Outside the shaft, at the furnace hood; b. In 
the shaft lining; 3. In the Interior of the furnace. 

The method of radiometric sondage was used on large 
volume furnaces. Tests revealed the displacement of the 
charge to the furnace centre at the second horizon, which 
was somewhat greater for coke than for ore. Between the 
second and third horizons both coke and ore deflect towards 
the periphery, the ooke further than the ore. In the lower 
portion of the shaft materials also get displaced towards 
the periphery. In the axial zone the speed at which the mate- 
rials were lowering was in some sections higher than at the 
periphery. In the tuyere zone the movement of materials was 
investigated by means of soundings Inserted through the 
tuyeres. It was found that radiation sources in one minute both 
approach the tuyere nozzle and move away from it many times. 

In the study of the motion of limestone on a furnace of medium 
volume it was found that the speed with which it moves dec- 
reases while it is being lowered; the limestone speed is maxi- 
mal between the first and second horizons. In the lower part 
of the shaft at a distance of about 3.7 m from the wall limes- 
tone gets lowered faster than at the periphery: the lowering 
speed at a datum 20,520 at the periphery was 3 M/h, while at 

a distance of 2.3 m from the wall it was about 5.5 m/h. 
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,| Tinn m n 

FurpacQ 

By the method of radloaotlv. Indloators may he investiga- 
ted hoth the intermixing of smelting produots and the motion 

of cast iron In the tlast-furnaca heartho 

The method la based on the following prinoiple. A radlo- 
aotlve isotope phoaphorus-32 ia Introduoed through the tuyere 
into the liquid oaat iron and slag, whloh ia in the hearth. 
Conoluaions as to the nature of the motion of oast iron in 
the hearth are reached by the results of measurement of radio- 
active probes aeleoted in definite time intervals. The present 
was conducted at the Illoh Plant blaat-fumaoe having a 
volume of 1.719 ou. metres. The results of investigation are 
shown on Fig. 7. Different amounts of the radloaotlvs Indlca 
tor were applied in different tests. Therefore, on the axis 
of ordinates of Fig. 7 la laid off the radioactivity of samplos 
expressed in percentages of the maximum radioactivity for each 
teat. The weight of oast iron output la taken to be 100 «, while 
the time of sel'c-.lon of oaat iron samples is also shown in 
relative units, taking into account the duration of the out- 

put. 

on the basis of the investigation made it -as established 
that in the Inarvala between outputs oast iron in the hearth 
of the blast-furnaoe ia mixed poorely. Some mixing and evening 
out of the temperature of oaat iron and of the chemical com- 
position takes place, in the main, in the period of its outlet, 
as a result of the motion of oast iron in the hearth, and 
while it passes through the cast iron tap. When it is let out 
of the hlast-fumaoe hearth, oast iron comes out first 

thg n-f the oast iron tap and last of all from the region 

ADoroved For Release 2009/04/29 : CIA-RDP80T00246A007900090002-4 





Approved For Release 2009/04/29 : CIA-RDP80T00246A007900090002-4 


Of the hearth at the side of air heaters. In this process the 
upper lasers of cast iron move considerably faster than the 
lower ones, ^en the central part of the furnace operates 
aotiTelj and when the oast iron tap is in a noriaal state 9 the 

rate with which the hearth is freed of cast iron is the s&m 
both for a furnaoe with a volune of 1 j033 cu @ and for a fur® 

naoe with a voltmo of 1^719 cu Practically frosa 10 to 
of cast iron, which did not co®e out during the output of cast 
iron ^reiaains In a bias t—furnaosg which has a useful voluia® of 
1033-1719 cu a, which does not influence to any considerable 
degree the operation of the furnace. 

Froa the point of view of oompletness of outflow of cast 
iron out of a furnace during output there is no need in pro- 
viding a second cast iron tap for fumaees with a volume of 
2,286 cu m having a 10.3 m hearth diameter. Uh@n the furnao© 
has a larger output and oast iron is let out frequently, the 
normal working state of the tap can be ensured by th® utilisa- 
tion of high-quality carbon steel for the tap and of powerful 
electrical guns (with an 80 kg/em^ piston pressure). 

Cast iron is completely changed in th® furnace on an 
average of from 2 to 3 outputs, although some Insignificant 
amount of cast iron still remains in the furnace. That Is one 
of th® factors conditioning both the thera^ inertia of a 
blast-furnace hearth and the gradual change of the chemical 
©opposition of cast iron. 

The change of the temperature of cast Iron whil© the 
output proceeds is one of th® indications of the completeness 
with which th® hearth is being freed of smelting products. 
During oast iron output, especially on a large fumaoe, the 
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evidences a local cooling of the hearth} remain© unnotleed} 
Just the same as the beginning of important cooling of the 
hearth. For the prevention and timely liquidation of posslblo 
coolings and for the maintenance of a more stable heat state 
of the hearth it is necessary to keep up constantly © greater 
heat in the central part of the hearth and to heat the hearth 
from tuyere to tuyere evenly, by means of selecting the cor^ 
responding systems of loading and operating duty of the ro- 
tating charge distributor, as well as to equip the blast- 
furnaces with instruments for the automatic measurement and 
recording of the temperature of oast iron and slag in the run 
of the output. 

Control of the Scouring of the Lining of Blast-Furnacea 

At a number of plants the methods of radioactive inserts 
and of radioactive sondage are used for controlling the wear 
of lining of the hearth bottom and of i:he shaft of blast- 
furnaces, in order to Investigate the strength (resistance to 
wear) of refractories and select a rational design of the 
blast-furnace. 

By the utilization of radioactive indicators quantitative 
data on the wear of a definite layer of shaft lining of a 
blaat-furnaoe can be otalned and the time required for th® 
destruction of the given layer determined. 

The use of radioactive isotopes in the study of th® wear 
of blast-furnace hearth bottom linings led to th® mastery of 
the dynamics of wear and permitted to set up a rational ©hap® 
of the hearth bottom. 

Hearth bottoms, which are cylindrical in form and hav© 
coolers along the periphery of th© lower part, have th® groa— 

teat strength. Hearth bottoms having the shape of a trunoa- 
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tod ooa@ offer leaa favourable coaditions for coollag and get 
destroyed (juioker* It was found advisable to us® radioactive 
isotopes for the ©oatrol ©f soouriag ©£ blast=>furaao© hearth 
bottoEs In those oases when the hearth bottom installed is of 
a ©@w design. lately such an Investigation was conducted at 
the Ilieh plant} where the hearth bottom was Eade ®f a hlgh'- 
strength high^-alumiaous brlok® Preliminary results imdicat© 
that suoh a hearth bottom is stronger than a charaott© hearth 
bottom® Dua to the data of this work Design Offices have 
provided stronger hearth bottoms® 


II® STEEL SEffiLTIHG 

1 . The Study of the Absorption of Sulphur Out of 
Qgvsoufl Fuel in Smelting Steel in Open-Hea rth gurnaoes 
At the Stalinsk Iron and Steel Plant the mi^ed coke and 
blast-furnaoQ gas, used in heating the Open-Hearth furnaces, 
has before the headpiece from 5 to 8 g of sulphur per ou m, 
while before it enters the head - about 0o8 g of sulphur per 
ou m® In the process of smelting the sulphur is from its gas©« 
ous phase partially transformed into metal, due to which 
cono@ntratlon in finished steel is raised. 


Below are presented, a description of the method of detor" 
aination of tha amounts of sulphur, which pass from the gas 
into the charge in smelting in Open-Hearth furnaces at th® 
Stalinsk Plant, and of the results obtained by it. 

Th© method is based on th® determination of th® weight 
of liquid metal and liquid slag in the furnace in the process 
of smelting and upon a subsequent preparation of a material 
balance, by sulphur, with the utilisation of the data of 

fid? eiWdT A sacmnl iRA n-P both metal and slae® 
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Th® weight of both motsil asad slag Is d®t®S'raiin©d by th© 
method of Isotop® Bllisatloa* la experiraeatal melts a radloaetiv® 
cobalt in a aosn^^etallic state was iatroduoed; to aa aaotmt 
of 0*1 ® Csa per toa of roetel. Into liquid oast iron befor© 
it is poured into the 0p©a==H8®rth furnace o la th® proo®®@ of 


into the oast iron mould* Cylindrical Ingots ®o obtained wor© 

placed in the centre of a protecting chamber, along whose olr=» 
ouffiferenoe 12 gas counters were arranged* As the melting went 

on th© radioactivity of metal samples kept on decreasing due 

to the increase of th© amount of metal in melting scrap* 

o 

Th© weight of th© total amount of liquid metal in tons 
in th® furnace at th© time instant t was calculated froia 
the results of measurements of ingot radioactivity by means 
of the following equations 



, where 


Mg - is the weight of the liquid cast iron poured into th© 
furnao®, in tons; 

^0 ^ sp®®d of counting from a sarapl© of that cast iron, 

in liiip/min*g* ; 


“ is th© speed of counting from a sarapl® of metal selected 
out of th© furnace in a time Instant t, imp/minog, 

Th© chang® of weight of liquid metal in the run of on© of 
the experimental melts is shown graphically on Fig* 9* 

For th© determination of th® weight of liquid slag in 
th® fumao® radioactive calcium was used; it was placed into 
!D@tal cartridges as CaO and arranged on the surface of solid 
charge materials on th® bottom of the Open Hearth befor® east 
iron was poured* The Ca content in the final slag was 7 m Cu 
per ton* 
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l 3 tha ffflsltlag w©at oo slag saraplss w®r® tak@ao Th© ii®a,su“ 
r@ffl©nts of oalolua radioaotlTity ia slag saraplesg togstb©? 
with th® oalculatioQ of th® waight of tha wetted slag 5 permit- 
ted to deteriasiae th® weight of llg^uld slag in th® fuinac© ia 
th® process of siaal tinge 

On Flg« 10 on coordinates counting speed - ti®® is glT®a 
th® ourv® of dilution of radloealeium in slag in on© of th® 
experimental melts. 

In all test melts slag was weighed after the melt was 
completed and the ingot weight determlnedo That permitted 
to correct results of radioaotlvitj measurements. The totality 
of ©xperlmental data on radioactivity and of the results of 
th© chemical analysis of all samples of metal and slag for 
sulphur content permitted to make up balance sheets of melts 
for that element. Thus, the amount of sulphur, which went over 
from the fuel into the charge, oan be determined as th® diffe- 
rence between the actual weight of sulphur in th© metal-slag 
system and the weight of sulphur carried into th© furnace along 
with charge materials. 

12 melts have been investigated by th® method described. 

It was found that during the periods of heaping up, warming 
and pouring oast iron th® open-hearth bath consumes on the 
average about 3 kg of sulphur per hour, or approximately 11 kg 
during that eatir© period. That makes up approximately 15^ 
of the total weight of sulphur in th® metal-slag system. 

During th© melting period th® bath oonsumes somewhat ®©r@ 
of sulphur, th© amounts consumed increasing with ■she growth of 
the sulphur content in th© mixed coke and blast— furnao© gas. 

The results of oaloulations indicate that during the pe- 
riod of metlina. the metal. 
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of sialphu3f from tha fual, la tka period of fla@,l 

akout i»3 kg of isulpkar passes over froii tk® 

metal into th.® alag* In all during tk® melt from fuel iat© 
st©«l passes over about 20 kg of sulpkuTj wMch is appro%is 2 a~ 
t®lj 0.01^0 

Usually in melts mad® under oonditions as described Q,b®v® 
th® ready metal has a sulphur content of 0o045‘>So ®iusb ©a 
th® average 9 approsigaately one third of that assount is th® 
component that gets into steel from th© fuel* However j if w© 
turn from average values to th© consideration of individual 
melts, then we will note that in some oases during th© period 
of final melting there is observed a oonsiderabl® decrease of 
the sulphur content in the metal® So, in on© of the test 
melts in this period about 13 kg of «’^8€us’' sulphur was re- 
moved from the steel, i*®*, almost 0®0i0?lo The result obtained 
Indicates that thar® is a possibility to considerably lower 
the steel sulphur content by means of bettering the slag 
regime. It was found that the greatest negative effect upon 
th© process of desulphuration is produced by the slag silica 
content, the silica entering the slag from the ore charged 
into th® furnace* In that connection the Stallnsk Plant Intro- 
duced the practice of changing a part of th® or® by cinders, 
which contain no silio©* Such a modification of th® technology 
ensures a substantial lowering of th® metal sulphur content 
and a lessening of th® duration of melts* 


of liquid steel in th® furnace has to be de'enained, are 

carried out by th© utilisation of radioaotiv® ruthenium In 

place of radiooobalto In that determination th® intonslty 

of radiation of metal samples is measured by means of a scln- 
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oouB't@x‘j wfeioJi 'fee 

order the conoentratloa of the rEdioaotlT® isotope In the 
metal. 

^..,,The Study of Sig^g^ormation l a Saeltlag Steel im 
LaiE® Opea-Htarth Fuamaoes 


The "Aaovstal" Iron and Steel Plant processes oast iron 
»ith a high phosphorus coatsnt„ Thersfora, tha ratioaaliastioa 
of th® Opoa-Hearth furnace slag reglise is of especial intoreet 
to It, In Oder to isost affeotlrely dephosphorise tha metal, 
ae well as to obtain alags with a high content of phosphorus 
pentoxide, used as agricultural fertiliser. 

In th® open-haarth shop a teohnology was speolfled, by 
which in the furnace, after tha ready steel Is let out, soao 
amount of slag is left. Shat measisre is aimed t® fasollitato 
the formation of slag during tha malting period in the nert 
melt. The optimal oondltlons for th® utilisation of such a 
slag were worked out by means of the method of radloaotlve 
isotopes. To the slag, which was left in the furnace, radloao- 
tire sulphur was added, and then, as the process ef melting 
was being earned on, slag samples were taken. By the results 
of measurements of the radioactivity of these samples It was 
established that the earlier the slag, which was left over la 
the furnace, begins to malt, th® more suooassfUl is the flow 
of tk© ^dphoapliorlsatloa proocas® 


In this oonaeotion th® id®® ©oourr®d that th® opanhearth 


of bath r®fi2BiBgg Eay g'.ggt'H n 


al©g foraisag Es&t®rl®l. la thi® 


th® f^raao© in th® final period 
b® used in subsequent laelts as ® 
©®s© th® slagp which prsvloiasly 


Pinaits t@ r®due® th© ©onsu^ntlom nf t w, 
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the usa of suoh a formed slag should fascilltate the melting 
of ore and limestone charged into the furnace and, therefor ® 9 
should better the conditions of dephosphorlsatlon of metal 
during the initial period of melting. 

Below are described tests on Open-Hearth furnaces of 
the «AzoTstal" Iron and Steel Plant, in which the speed of 
melting of the circulating slag and its effect upon the run 

of melting were determined. For that purpose the circulating 
slag was traced with radioactive phosphorus. Prom 30 to 40 

minutes before the last polished slag was skimmed, into th® 
metal bath have been introduced a few grams of iron phosphide 
enriched P^^. In the interval up to the end of the molt radio- 
phosphorus was oxidized and was uniformly spread in the liquid 
slag volume. When poured out of the furnace the slag was 
subjected to crushing in the ram engine shop to sizes of 50- 
100 mm and was then used in melts. The amount of this slag, 
which was charged into the furnace, was from 1.9 to 4 ?^ by 
weight of the metallic part of the charge. 

The judgment of the speed of melting of the solid slag 

was made by the radioactivity of slag samples, which were 

taken from the furnace in the process of melting. Tests have 

shown that the first samples of slag, taken directly after 

the pouring of cast iron, were characterized by a maximal 

radioactivity. That can be Illustrated on Fig. 11, on which 

la given a curve indicating the variation of radioactivity 

of slag samples with the run of the melting. From an analysis 

of this Fig. it follows that the circulating slag almost 

entirely passes into the liquid state directly after the 

pouring of the oast iron into the furnace. Thus, an analysis 

of th® above mentioned tests shows that the use of oircula— 
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ting slag should lead to the contraction of the duration of 
melting. A comparison of melts made by the usual and by the 
new technology corroborated that assertion. It showed that in 
the last case on the average the duration of melts has been 
lessened considerably. Taking into account the lessening si- 
multaneously of the consumption of limestone, It may be con- 
sidered that the new technology possesses important economic 
advantages. At the present time it is being mastered by the 
plant * 


The Effect oJ 




of Steel in the Period of Pure Boiling 
At the '’Azovstal'’ Iron and Steel Plant the radioactive 
isotope of phosphorus was also utilized for the determination 
of the weight of slag in an open-hearth furnace in the period 
of pure boiling. Radiophosphorus was Introduced into the 
furnace in the middle of that period. The weight of slag was 
deteriiin®d by the measurement of the radioactivity of its 


sampl e s o 

Tests have shown that the flow of processes of steel 
melts and the q.uality of the ready metal both depend upon 
the quantity of slag in the furnace. So, Fig. 12 shows that 
the speed of oxidation of carbon, when all other conditions 
are the same, is a maximum for mean quantities, of slag com- 
prising about 6?S of the weight of the metal. Both for greater 
and for smaller quantities of slag the oxidation is retarded. 

It is interesting to note that with such an optimal 
quantity of slag in the furnace there also is observed a maxi- 
7»al speed in the heating of the metal and a highest output of 
steel of the first class. That can be illustrated by Fig. 13, 
on which the output of first class rails is shown to be a func- 
tion of the weiaht of alas in the furnace. 
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Conolualoaa 

The examples presented in the report indicate the effect- 
iveness of the utilization of radioactive isotopes in the so- 
lution of technological problems of metallurgical production* 

The further advance of worte on the utilization of the 
attainments of nuclear physics for the benefit of metallurgy 
will, seemingly, to a considerable degree depend upon the re- 
sults of the activities of scientists and engineers in the 

field of physios of the iaotopy of elements and of nuclear 
radiation, as well as the achievements in the design of radio- 
metric apparatus and of Individual nuclear physics installs - 
tions.Her® should, in the first place, be named such questions 
as th® availability of radioactive and stable isotopes of a 
series of light elements, which can be handled conveniently, 
the design of high— sensitive portable radiometric apparatus 
which will make possible to conduct measurements on a wide 
rang® of temperatures, the creation of small-size powerful 
neutron sources* With greater intensity should the development 
of questions connected with radiation safety in working with 
Isotopes and radiation, under conditions of industrial produc- 
tion, be continued* Exchanges of experiences obtained in 
various countries on the above-indicated questions of applied 
nuclear physios may suostantially accelerate the advance of 
this field of science and technique* 
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fig, Distanoa frosa sim. 

Fig« 6 , 1) Horisons5 

2) To twysra No. 8| 

3) To tuyere Mo* 

4} To tuyere No. 8; 


To horlEona I-V • 

flj^, 7 , 1 ) RadioacttTity of east from tests, 
2) Weight of oast iroa laelt, 

Fig* 9 o i) Scrap smelt lag melt Ho. 3'16i5 

2) Weight la toas| 

3) Tim® la minutes. 


fig, 10 . 1) Molt No. 3149? 

43 

2) Dilution Ca J 

n \ T 1®S ® • 

3) Tima, min. 
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* i) 


min. 


2) Time, hour-®ia; 


I II III 

n n 

cast iron 

P&go12. i) 0 - rail steel 

X - low ©arhoa steels 
2) Speed of burning ®f earbon, ^ Crain. j 
S) Percent of slag fro® weight of aetalo 
Fig.i 3o Percent of first class rails j 

2) Percent of slag fro® weight of metal© 
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